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INTRODUCTION
Nasal prominence is often the most dominating parameter of the facial profile, and an observer's visual perception is often drawn to this important facial promontory (PitakArnnop., 2011) . The nasofacial angle, also termed the frontal facial angle, is a potentially important factor in the perception of facial profile attractiveness (Pearson and Adamson, 2004) . It is the inner angle formed by the intersection of the facial plane (glabella to pogonion) and the nasal dorsal plane (nasion to pronasale) ( Figure 1 ) (Naini, 2011) .
The concept of perception in relation to facial attractiveness has been investigated . A total of 324 subjects completed an "adjective mood scale" and rated a number of statements regarding their own appearance, emphasising the potential impact on social functioning and willingness to undergo aesthetic surgery. Photographs of these subjects were also assessed by 50 independent judges. It was found that impaired well-being was associated with impaired facial self-perception, independent of attractiveness. Willingness to undergo aesthetic surgery appeared not to be affected by the individual's sense of well-being and, very importantly, in subjects with impaired well-being who undergo aesthetic surgery, facial selfperception appeared unlikely to be improved. An interesting subsequent investigation by M A N U S C R I P T
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3 noses had a horizontally and vertically lower nasion position and were concave to straight in profile, whereas optimal male noses had a vertically and horizontally higher nasion position and a straight profile. Also, women and men with a straight or concave profile were significantly more satisfied with the appearance of their nose than those with nasal dorsal humps. Gender-related differences in nasal shape appear to be subtle, with nasion position being one of the main factors. A nasal hump and a supratip break were found to be undesirable. Springer et al. (2009) subsequently analysed the influence of an observer's gender in relation to nasal aesthetics and morphology. Their results demonstrated that, generally speaking, female judges accorded significantly higher ratings of attractiveness as compared to male judges independent of the gender of observed images, with this difference being magnified when assessing the most unattractive male images, although this was not apparent when assessing "optimal" female and "optimal" male noses. However, women displayed the same preferences for "optimal" and "average" noses as compared to the "most unpleasant" noses. In assessing their own noses, women were significantly less satisfied with their appearance in general as compared to men. In comparison to men, women were more critical in assessing the appearance of their own nose as opposed to the noses of other people. Roxbury et al. (2012) assessed the impact of nasal asymmetry on observer perceptions of facial asymmetry and attractiveness and the ability of rhinoplasty to minimize it. They found that faces displaying nasal asymmetry were rated as less symmetrical overall and that straightening rhinoplasty diminished overall facial asymmetry, with decreasing nasal asymmetry leading to significant improvements in facial attractiveness. It has also been observed that the visual impact of symmetry on the perception of attractiveness increases significantly when approaching the midline (Springer et al., 2007) , and the nose is the major midline structure of the face.
The principal aim of this investigation was to evaluate quantitatively the influence of nasal prominence, as represented by the nasofacial angle, on perceived attractiveness. The relationship between the nasofacial angle and attractiveness was recorded to ascertain the range of normal variability, in terms of observer acceptance, and to determine the clinically significant threshold value or cut-off point beyond which the angle is perceived as unattractive and surgical correction is desired. The perceptions of patients, clinicians, and laypersons were compared for these different variables.
MATERIAL AND METHODS
Subjects and procedures
Ethical approval was granted for the study by the National Research Ethics Service; NRES (UK) (REC reference: 06/Q0806/46). Two-dimensional profile silhouettes are used routinely to assess the perceptions of facial attractiveness (Ioi et al., 2005; Naini et al., 2012) . A profile silhouette image was created with computer software (Adobe ® Photoshop ® CS2 software). The image was manipulated using the same software to construct an "ideal" profile image with proportions, 3 and linear and angular soft tissue measurements (Farkas et al., 1986; Farkas and Kolar, 1987; Farkas, 1994; Naini, 2011) , based on currently accepted criteria for an idealized Caucasian/white male profile, as previously described .
The nasofrontal angle of the idealized image (image BL: 30°) was altered in 3° increments from 21° to 48°, to represent variations in the angle, ranging from excessive to reduced nasal prominence ( Figure 2) .
Based on the results of a pilot study and power calculation, 185 observers took part in the study, separated into three groups (pretreatment orthognathic patients, laypersons, and clinicians; Table 1) , with the following selection criteria:
• Patients: pretreatment (only 1 consultation appointment); primary concern was facial appearance; no previous facial surgical treatment; no history of facial trauma; no severe psychological issues.
• Laypersons: no previous facial surgery, deformities, or history of facial trauma.
• Each observer was given a questionnaire and asked to provide the following information: age, gender, ethnic origin (white or nonwhite), how would you rate the attractiveness of your facial appearance, and how important do you think it is to have an attractive facial appearance. An instruction sheet accompanied the questionnaire, asking the observers to rate each image in terms of facial attractiveness using the following rating scale:
1. Extremely unattractive.
2. Very unattractive.
3. Slightly unattractive.
4. Neither attractive nor unattractive.
5. Slightly attractive.
6. Very attractive.
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6 7. Extremely attractive.
Observers were also asked whether they would consider surgery to correct the appearance if this was their facial appearance (yes or no).
The images were placed in random order into the software application Microsoft PowerPoint ® (Microsoft Corporation, Redmondd, WA, USA). Each image was identified by a randomly assigned double letter in the top right corner of the screen (e.g. BL, GQ etc.; Figure 3 ). A duplicate image assessed intra-examiner reliability (images DN and EM). Each observer sat undisturbed in the same room in front of the same computer and 17-inch flatscreen monitor. The presentation and the images were created in such a way that each of the profile silhouette images, when viewed on the monitor, had the same dimensions as a normal human head, based on an average lower facial height, reducing the potential effect of image size on observer perception. Each observer examined the images in the PowerPoint® presentation by pressing the "Page Down" button on the keyboard, in their own time.
The Likert-type rating scale used is largely accepted in the psychology literature as the most useful rating method (Langlois et al., 2000) . The seven-point Likert scale described above was used by each observer to rate each image in terms of attractiveness.
Statistical analysis
The median and interquartile observer ratings were calculated for each angle and for each observer group; these descriptive statistics were calculated using software that we developed using MATLAB (MathWorks Inc, Natick, MA, USA). Additionally, data were modelled by curve fitting performed using MATLAB. Similarly, the software calculated the proportions in each group suggesting a desire for surgery. Additional paired t-tests were performed using Minitab version 16 (Minitab Inc, State College, PA, USA) following application of the Ryan-
Joiner test in Minitab used to examine whether data were consistent with a normal distribution. Table 2 shows the first and third quartile rankings of the Likert score. The results indicate that there was generally good agreement in the three observer groups. The interquartile range for all three groups was 1.
RESULTS
Reliability analysis
Perceived attractiveness of images
In Table 3 , the median attractiveness rating of the observers on a Likert scale from 1 to 7 is shown, where 1 indicates 'extremely unattractive' and 7 indicates 'extremely attractive'. A nasofacial angle outside the range of 27° to 36° was associated with a reduction in the median attractiveness scores in all three groups of observers. The lay and patient groups have the same median attractiveness score for the identical images (DN and EM), again indicating good repeatability. 
Most attractive and least attractive images
which was also seen in the group of 75 patients (39% and 41%). For many of the images, there was generally good agreement among clinicians and laypersons as to whether surgery was required. There was more variability in the assessment for the patient group as indicated by fewer very low (<25%) and very high (>75%) percentages of the groups suggesting surgery. Taking 50% of each observer group as a cut-off where half of the individuals suggested surgery, for all three groups the threshold value of desire for surgery was ≥39° and
≤24°.
For observers who considered attractiveness to be important (>2), Table 7 indicates the proportion suggesting surgery. For patients 68 of 75, for laypersons 71 of 75, and all clinicians considered attractiveness to be important. Thus nasofacial angle deviations of ≥39°
and ≤24° were again associated with a higher proportion of individuals desiring surgery.
For those who did not consider attractiveness to be important (7 patients and 4 laypersons), Table 8 summarises the proportion desiring surgery; the table has no column for clinicians, as all considered attractiveness to be important. Clearly the lay observer number is low in this category.
DISCUSSION
Planning aesthetic rhinoplasty requires the determination and validation of correct nasofacial morphological relationships, which requires two sources of information (Naini et al., 2008) .
Age-, gender-, and ethnicity-specific population averages based on anthropometric data allow comparison of a patient's nasofacial measurements and proportions to the population norms.
No longitudinal data are available for the nasofacial angle, but there are some cross-sectional data available (Farkas, 1994) . Additionally, the perceived attractiveness of the proportions
and morphological relationships should be confirmed by the judgement of patients and the lay public, and ideally compared to the judgement of treating clinicians. This was the main purpose of this investigation.
The results of this investigation demonstrated that increasing the nasofacial angle deviation in either direction from an angle of 30° (Image BL) was associated with a reduction in the median attractiveness scores in all three groups of observers. The highest attractiveness scores were for image BL (30°), closely followed by image CL (33°) and image KJ (27°). An angle of 36° (images EM and DN) was deemed to be neither attractive nor unattractive, i.e., essentially acceptable even if not attractive. However, from nasofacial angles of ≤24° and ≥39°, the images were viewed as unattractive by all observer groups. The farther the angle was reduced to less than 24°, the more unattractive it was perceived to be, with ≤21° being perceived as very and extremely unattractive by all observer groups. Additionally, the further the angle increased above 39°, the more unattractive it was perceived to be, with 42° and above being perceived as very or extremely unattractive by all observer groups. Angles outside these ranges are perceived as unattractive by all groups, with greater deviations leading to progressively reduced perceptions of attractiveness.
In terms of desire for surgical correction, the results indicate that clinicians were generally the least likely to suggest surgery for varying degrees of nasofacial angle. Although there was generally good agreement in the three observer groups, there appears to be a high degree of agreement amongst clinicians, and the reason for this may be the potentially higher critical capabilities of clinicians resulting from their training. This stresses the importance of using patients as observers in facial attractiveness research.
As with other facial parameters, it is generally acknowledged that the nasofacial angle has a range of normal individual variability. As a starting point, for comparative purposes and by
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10 way of contrast, it is useful to look at the nasofacial angle in idealized images from classical and Renaissance art and sculpture (Table 9 ). The first known treatise on ideal human proportions was written by the Greek sculptor Polycleitos of Argos. Unfortunately, no copies of this book exist. However, it is known, based on evidence from the physician Galen, that
Polycleitos based his most important statue, the Doryphorus, on his treatise. The nasofacial angle in these statues is approximately 25° to 30°. From a number of idealized male and female profile images painted in the Renaissance, the nasofacial angle is again within the range of 25° to 30°. Two images were 20° and 35°, respectively, although this appeared to be due to differences in the sagittal position of the chin rather than nasal prominence (Table 9) .
A common denominator in the morphology of the nasal dorsum in these images is that it is relatively straight in all the images.
In ancient Greek sculpture, the reduced values for the nasofacial angle may be related to the classical "Greek nose" type, in which the nasal radix is higher. The nasal radix region, and the nasal starting point, are important parameters in nasal aesthetic evaluation and rhinoplasty planning. For the purposes of this investigation, the nasal starting point was not altered in any of the images, specifically for the purpose of altering only the one parameter being investigated, namely, nasal prominence. However, it should be borne in mind that differences in the nasal radix morphology must be taken into account in planning surgery.
Additionally, a number of modern surgical authorities have provided "ideal" values for the nasofacial angle, based on anecdotal evidence and the "good eye" of the respective surgeon.
For example, in their 'aesthetic triangle', Powell and Humphreys (1984) described an ideal range of 30° to 40°, and suggested that the higher values were male and the lower were better suited to female profiles. They demonstrated both the female and male "ideal" profiles with a nasofacial angle of 36°. Papel and Capone (2004) corroborated the values provided by Powell and Humphreys (1984) . Lehocky (2006) provided the ideal values as 36° in men and 34° in M A N U S C R I P T
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11 women, based on anecdotal opinion. Sheen (1978) and Rees (1980) stressed the importance of nasal tip prominence in achieving a pleasing facial contour, without providing any specific ranges for the angle. They stressed the importance of nasal projection in relation to the face without the imposition of an "ideal" nose onto every facial profile; however, they conceded that certain nasofacial relationships are essential for an optimal aesthetic result, with welldefined nasal relationships forming the basis of accurate diagnosis and planning.
One of the pioneers of modern rhinoplasty, Jacques Joseph (1865 Joseph ( -1934 , referred to the nasofacial angle as the 'profile angle'. He measured this angle in paintings by celebrated artists, including Leonardo da Vinci and Thomas Gainsborough, and determined an ideal angle of 30°, with a range of 23° to 37° (Naini, 2011) .
Farkas anthropometrically measured the 'inclination of the nasal bridge' in relation to 'the vertical', which, although not directly defined, appears to be quite similar to the nasofacial angle, except that the vertical glabella-to-pogonion line is substituted for a vertical line parallel to the Frankfort plane (Farkas et al., 1986; Farkas, 1994) . Average values, based on anthropometric studies by Farkas et al. (1986) , for North American adults of white ethnicity are 31.6° ± 4.6° in males and 30° ± 5.3° in females. There is ethnic variability, and average values for a Chinese population have been provided as 27.2° ± 3.5° in males and 24.5° ± 3.6° in females, and in an African American population as 32.2° ± 5° in males and 33.4° ± 5.7° in females (Farkas, 1994 ).
The diagnosing surgeon should keep in mind that the nasofacial angle is but one of myriad facial aesthetic parameters that the treating surgeon must evaluate. A number of other nasal and nasofacial angles and proportional parameters should also be evaluated. These include the nasofrontal angle, nasal dorsal contour, supratip morphology, nasal tip rotation, nasal height to projection ratio, nasal projection to length ratio, nasal columella-lobular angle, M A N U S C R I P T
12 nasolabial angle, and vertical and transverse proportions of the nose in relation to the face. In addition, the aesthetic relationship between the nose and the other five facial profile prominences, namely, the forehead and supraorbital ridge, the lips, chin, and submentalcervical region, must also be taken into account, to achieve the most harmonious surgical outcome (Naini, 2011) ..
It is important to bear in mind that the profile silhouette image created was based on North
American white adult male proportions and normative values. As such, it is not generalizable to different ethnic groups, and the data may not be directly relevant to other ethnic groups, although it does provide an insight into how different ethnic groups view faces of white ethnicity. It would be interesting to repeat the study using images from different ethnic groups.
CONCLUSIONS
The results demonstrate that a nasofacial angle of approximately 30° is ideal, with a range of 27° to 36° deemed acceptable. Angles above or below this range are perceived as unattractive, and anything outside the range of 21° to 42° is deemed very unattractive.
Excessive nasal prominence, with a nasofrontal angle of 48°, was deemed the least attractive.
In terms of threshold values of desire for surgery, for all groups a threshold value of ≥39° and ≤24° indicated a preference for surgery, although clinicians were the least likely to suggest surgery. For many of the images, there was generally good agreement among clinicians and laypersons as to whether surgery was required. There was more variability in the assessments for the patient group. This stresses the importance of using patients as observers, as well as laypersons and clinicians, in facial attractiveness research. M A N U S C R I P T M A N U S C R I P T *This profile drawing is the first illustration of the later described zero-degree meridian line (Naini, 2014) . 11 **This profile drawing was used famously by Jacques Joseph to demonstrate an ideal nasofacial angle (Naini, 2011; Naini, 2012) . 3, 12 
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